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Abstract. The current status of evaluating thermal production of lepton pairs in high-
energy collisions of heavy nuclei is discussed. After a brief survey of emission rates
from hot and dense matter, we address applications to (and interpretations of) recent
SPS data including 40 AGeV CERES results, as well as prospects for NA60. Emphasis
is put on predictions for RHIC. In particular, implications of hadronic observables and
first single-electron measurements at
√
s = 130 AGeV for upcoming pair spectra from
PHENIX at
√
s = 200 AGeV are assessed.
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1. Introduction
Early on in the heavy-ion initiative, electromagnetic observables have been recognized
as important probes of the hot and dense strongly interacting systems created in head-on
collisions of nuclei at high energies [1, 2]. About 10-15 years later very exciting data
on dilepton (and photon) spectra have emerged from the SPS heavy-ion program [3–5],
stimulating vigorous theoretical activity (see ref. [6] for a recent review). All respective
experiments have observed nontrivial excess production in heavy-ion collisions (increasing
with centrality) over baseline expectations from p-p collisions (and/or final-state hadron
decays), from threshold to about 3 GeV (dilepton invariant mass or photon transverse
momentum). Indeed, these results imply strong evidence for some of the long sought-
for signatures, such as in-medium modified vector mesons (especially the ρ) at low-mass
(M≤ 1 GeV) or continuum-like thermal radiation from early phases at intermediate masses
(1 GeV ≤M ≤ 3 GeV). However, from the theoretical side, certain ambiguities in the de-
tailed understanding and interpretation of the underlying dynamics remain at present.
The article is organized as follows: in Sect. 2 we briefly recall the theoretical frame-
work suitable to evaluate equilibrium dilepton production rates and allude to specific model
calculations. In Sect. 3 we turn to applications in heavy-ion collisions, starting with a
discussion on chemical off-equilibrium effects in the hadronic phases in 3.1. In 3.2 we
ISBN 963 00 0000 0
c© 2002 EP Systema, Debrecen
2 Ralf Rapp
highlight results for SPS energies including predicted spectra for Elab = 40 AGeV as well
as for a potential low-mass measurement by NA60. In 3.3 we present improved predic-
tions for RHIC energies by incorporating information from measured hadron spectra. We
also assess the role of thermal radiation in preliminary PHENIX single-electron spectra at√
s=130 AGeV, and ensuing implications for upcoming pair spectra. In Sect. 4 we end with
some concluding remarks.
2. Electromagnetic Correlation Function and Dilepton Radiation
2.1. E.M. Correlator in Vacuum
Dilepton emission from thermalized QCD matter can be characterized by the pair produc-






f B(q0;T ) ImΠem(M,q;µB;T ) (1)
( f B(q0;T ) = 1/(exp[q0/T ]−1): Bose distribution function, M2 = q20−q2 = (p+ + p−)2:
invariant mass squared of the lepton pair with individual 4-momenta p±). The key quantity
encoding the information on the strongly interacting medium is the imaginary part of the
electromagnetic current-current correlation function (or simply photon selfenergy), ImΠem.
In vacuum, it is directly related to the famous cross section ratio R = σee→hadrons/σee→µµ










ImDV (M) , M ≤Mdual
− M212pi (1+ αs(M
2)
pi + . . .) Nc ∑
q=u,d,s
(eq)2 , M ≥Mdual .
(2)
At small distances, i.e., M ≥Mdual ' 1.5 GeV, perturbation theory applies and the correla-
tor strength follows from the (charge-square weighted) sum over free qq¯ states (with rather
small corrections); subsequent hadronization does not affect the strength. The experimen-
tal fact that hadron production in e+e− annihilation essentially follows thermal systematics
allows the time-reversal of this argument: e+e− production from a thermal hadron gas is
determined by the perturbative ’dual’ strength given by Eq. (2). This has also been verified
by explicit hadronic rate calculations [7].
At low M, the e.m. correlator is governed by nonperturbative dynamics encoded in
resonance formation. The experimental distribution is well described by the light neutral
vector mesons ρ, ω and φ (vector dominance model). Thus, in principle, dilepton spectra
from heavy-ion reactions directly reflect upon medium modifications of vector mesons.
But one can go further and establish connections to chiral symmetry restoration. This
necessitates the inclusion of the chiral partners of the vector mesons in the (theoretical)
analysis. Within the standard (non-/linear σ-model type) interpretation, and for N f =2 fla-
vors, the SU(2) chiral partner of the ρ is the a1(1260), whereas the ω is a singlet (for SU(3)
